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ABSTRACT
Background Drought has been a considerable prob-
lem for many years in northern Bangladesh. However, 
the health impacts of drought in this region are not well 
understood.
Methods This study analyzed the impact of drought 
duration and severity on select causes of mortality in 
northern Bangladesh. Rainfall data from three meteo-
rological stations (Rangpur, Dinajpur and Nilphamari) 
in northern Bangladesh were used to assess drought and 
non-drought periods, and the Standardized Precipitation 
Index was used to categorize mild, moderate, severe, 
and extreme drought. Mortality data from 2007 to 2017 
for the three areas were collected from the Sample Vital 
Registration System, which is a survey of 1 million 
people. The generalized linear model with Poisson re-
gression link was used to identify associations between 
mortality and the drought severity and 1-month preced-
ing SPI.
Results Only severe and extreme drought in the 
short-term drought periods affected mortality. Long-
term drought was not associated with natural cause 
mortality in Rangpur and Nilphamari. In Dinajpur, mild 
and moderate drought was associated with circulatory- 
and respiratory-related mortality.
Conclusion The impact of drought on mortality var-
ied by region. This study improves our understanding 
of how droughts affect specific causes of mortality and 
will help policy makers to take appropriate measures 
against drought impacts on selected cause of mortality. 
Future research will be critical to reduce drought-related 
risks of health.
Key words climate change; drought; mortality; public 
health
Global climate change is one of the most important 
environmental issues facing the world today.1 In recent 
years, the health effects associated with climate change 
have been acknowledged and prioritized. There is a 
close relationship between the local climate and the 
occurrence and severity of certain diseases and other 
adverse health conditions.2 Humans are extremely 
vulnerable to the effects of climate change, particu-
larly to the recent climate-related impacts of extreme 
phenomena such as heat waves, droughts, floods, hur-
ricanes, and forest fires.3, 4 Among these, drought has 
a slow onset but is the most far-reaching of all natural 
disasters5 and has serious effects on agriculture, water 
resources, ecology, and society. The beginning and end 
of a drought are difficult to define, as is its impact. This 
is because drought can last for a long period of time 
with accumulating impacts; furthermore, many of the 
effects are diffuse, indirect, and cumulative.6, 7
Drought is defined as severe moisture deficit in 
the soil, occurs when there is insufficient precipita-
tion.8, 9 Drought is categorized into four distinct types: 
meteorological (rainfall deficit), hydrological (low water 
levels in streams), agricultural (low soil moisture), and 
socioeconomic (when the water demand exceeds the 
supply).9 Socioeconomic choices, population growth 
and mobility, infrastructure, land-use changes, potential 
population vulnerability, and other factors affect the 
occurrence of drought. Poor health, poverty, and con-
flicts exacerbate the effects of drought. The direct and 
indirect consequences of drought on human well-being 
depend on the duration and severity of the drought, the 
country’s economic and social structure and the avail-
ability of resources.10
The biological mechanisms through which 
drought affects well-being are unclear,6, 11 but several 
pathways have been hypothesized. The effects of 
drought that have received the most attention are those 
related to mental health, malnutrition, and nutritional 
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deficiencies.10, 12, 13 Other studies suggest that drought 
may be related to infectious diseases and respiratory 
diseases,14 an increased risk of mortality from diarrheal 
illness,15 the transmission of some mosquito-borne 
diseases,16 waterborne diseases such as dysentery, 
diarrhea, and cholera,17 and the risk of cardiovascular 
and upper respiratory diseases.18 There have also been 
studies on how drought impacts mental health and sui-
cide in farmers.19, 20 Several studies have suggested that 
drought may be related to numerous other detrimental 
human health impacts, including hypo nutrition, various 
mental illnesses, and the aggravation of pre-existing 
chronic pathological conditions that may continue even 
after the end of the crisis.21, 22 Drought might impact 
diseases through auxiliary exposures, such as increas-
ing the amount of airborne dust or wildfire smoke or 
modifying the development and dispersal of allergenic 
pollen and fungal spores.11 The vulnerability to drought 
and drought risks vary depending on the level of 
development and the needs of each country.23, 24 More 
deaths principally mediated by drought’s impact on 
water and food insecurity or livelihood loss25 occur in 
low and middle income countries (e.g., East Africa and 
regions in Asia), whereas in high income countries (e.g., 
Spain and the USA), the impact is thought to focus on 
economic losses or pollution exposure.26
Climate modeling shows that droughts are becom-
ing more regular, severe, spatially broad, and of longer 
duration because of rapid environmental change.27 It is 
anticipated that global mean temperature will increase 
by 0.2°C per decade; however, the actual temperature 
rise will vary by region.28 The most recent predictions 
indicate that before the end of the twenty-first century, 
average temperatures will increase by 0.3–4.8°C.29 
Bangladesh is an agricultural nation in Southeast Asia 
that often deals with extreme weather-related events 
such as flooding, tornados, severe rainstorms, coastal 
erosion, and drought.30 Although drought affects 
the economy, it has received less scientific attention 
than some of the other extreme weather events.31 In 
Bangladesh, temperatures are increasing faster than the 
current pace of global warming, and warming is ex-
pected to continue in the coming decades.32, 33 This con-
tinued warming will increase the demand for water and, 
accordingly, drought severity in the country. Drought 
is frequent in many places throughout Bangladesh; 
however, the northwest is extremely susceptible to 
drought owing to low levels of precipitation (1,329 mm 
in northwest, 4,338 mm in southwest).34
Several studies have investigated drought in 
Bangladesh and particularly in northern Bangladesh. 
These studies are related to drought risk assess-
ment, spatiotemporal analysis, the identification of 
meteorological drought, the environmental impact 
of drought, health impacts such as cholera and 
dysentery, socioeconomic impacts, and agricultural 
impacts.30–32, 34–37 However, in northern Bangladesh, 
no studies have been conducted to ascertain the impact 
of drought on mortality. Therefore, we analyzed the 
prevalence of drought in northern Bangladesh and 
the association between generic drought indicators 
and mortality to assess the health impact of drought 
in this region, which is economically and geographi-
cally vulnerable. The main objective of this study was 
to evaluate the impact of drought, measured by the 
Standardized Precipitation Index (SPI) obtained for dif-
ferent timescales (3 and 12 months), on the daily natural 
cause, circulatory-related, and respiratory-related mor-
tality from 2007 to 2017 in northern Bangladesh.
MATERIALS AND METHODS
In this study, we evaluated the short- and long-term 
drought characteristics in the northern region of 
Bangladesh using the SPI and compared them with 
select causes of mortality. Precipitation data from 
three stations in northern Bangladesh for the period of 
1989–2018 were used to assess drought characteristics.
Study area
The study area covered the northernmost part of 
Bangladesh. Northern Bangladesh consists of two divi-
sions, Rajshahi and Rangpur, and 16 districts. Based on 
the availability of weather stations (Fig. 1), we selected 
three districts (Rangpur, Dinajpur, and Nilphamari) in 
the Rangpur Division as our study area. We obtained 
data from the three Bangladesh Meteorological 
Department (BMD) weather stations located in Rangpur 
Division. Table 1 presents the area, population, average 
air temperature, and average precipitation of the regions 
covered by the three weather stations.
Data collection
Meteorological data
The study area is situated between 25°12ʹ and 26°20ʹ 
latitude north and 88°20ʹ and 89°32ʹ longitude east. 
Monthly precipitation, temperature, and humidity data 
were collected from the three BMD meteorological 
stations located in the study area. We used precipitation 
data for the years 1989–2018 to generate drought indices 
for the years 2007–2017 (see below). Temperature and 
humidity were used as covariates in the analysis.
Mortality data
Mortality data are collected by SVRS and were pro-
vided by the Bangladesh Bureau of Statistics. SVRS 
collects vital information, such as births and deaths, 
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on a sample population of approximately one million 
people. There are 1,000 primary sample units, each con-
sisting of 250 households, with an average of 4.5 people 
per household.38
We analyzed the 2007–2017 daily mortality data 
from our study area. There were 64 individual causes 
of death included in the SVRS dataset, and we catego-
rized these by area and cause. We categorized daily 
Fig. 1. Location of study sites and meteorological stations in Bangladesh.




Area covered by  
meteorological  
station (km2)




selected for SVRS 
mortality data
Yearly average 






Rangpur/Rangpur 2,400.56 2.99 21,375 1,961.58 29.83 20.56
Dinajpur/Dinajpur 3,444.30 2.99 20,250 1,641.16 30.24 20.33
Nilphamari/Saidpur 1,643.70 1.91 14,625 1,825.50 30.37 20.29
Tmax, maximum temperature; Tmin, minimum temperature.
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mortality and converted it into monthly mortality to 
enable comparison with the monthly drought periods. 
We selected three major causes of mortality in line with 
the ICD-10: natural cause mortality (ICD-10: A00–
R99), circulatory-related mortality (ICD-10: I00–I99), 
and respiratory-related mortality (ICD-10: J00–J99). 
Other causes of death were not included in the analysis 
because of insufficient data.
Drought analysis
We applied the SPI to analyze drought because this 
index is widely used to characterize meteorological 
drought over a broad range of timescales.40 For short 
timescales, the SPI is closely related to soil moisture, 
while for longer timescales it is related to groundwater 
and reservoir storage. The SPI calculation for a location 
is based on the long-term precipitation record of the 
desired period. This long-term record is fitted to a prob-
ability/gamma distribution, which is then transformed 
into a normal distribution so that the mean SPI for the 
location and desired period is zero.41 Positive SPI values 
indicate greater than median precipitation, and negative 
values indicate less than median precipitation. Because 
the SPI is normalized, wetter and drier climates can be 
represented in the same way; thus, wet periods can also 
be monitored using the SPI. The gamma distribution to 
fit well to the climatological precipitation time series.42 
The gamma distribution is defined by its frequency or 
probability density function:
 g(x) = 1/β Γ(a)  xa−1e− x / β, for x > 0
in which a and β are the shape and scale parameters 
respectively, x is the precipitation amount and Γ (a) is 
the gamma function. Parameters a and β of the gamma 
pdf are estimated for each station and for each time 
scale of interest (1, 3, 6, 9, 12 months, etc.). Maximum 
likelihood estimations of a and β are:
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and n is the number of observations.
The resulting parameters are then used to find the 
cumulative probability of an observed precipitation 
event for the given month and time scale for the location 
in question. Since the gamma function is undefined for 
x = 0 and a precipitation distribution may contain zeros, 
the cumulative probability becomes:
 H (x) = q + (1− q) G(x)
in which q is the probability of zero precipitation and 
G(x) is the cumulative probability of the incomplete 
gamma function. If m is the number of zeros in a pre-
cipitation time series, then q can be estimated by m/n. 
The cumulative probability H(x) is then transformed to 
the standard normal random variable z with mean zero 
and variance of one,43 which is the value of the SPI.
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 d1 = 1.432788, d2 = 0.189269, d3 = 0.00130
Drought can be calculated on various timescales, 
for example, 1, 3, 6, 9, 12, 24, or 48 months. A drought 
event for a given timescale is defined as a period in 
which the SPI is continuously negative and reaches 
a value of –1.0 or less.44 The drought period begins 
when the SPI first falls below zero and ends when the 
SPI becomes positive after reaching a value of –1.0 or 
less. Though, in our study, we include (–0.85 < SPI 
≤ 0) as mild drought. In case of agricultural impact, 
mild drought may be not included in the study for not 
having strong impact, but for analyzing health impact 
mild drought can have greater impact. In this study, a 
drought duration of 3 months was defined as short-term 
drought (3-SPI), and a drought duration of 12 months 
was defined as long-term drought (12-SPI). In line 
with previous studies, we also categorized the drought 
intensity based on the SPI value as follows: no drought 
(SPI > 0), mild drought (–0.85 < SPI ≤ 0), moderate 
drought (–1.27 < SPI ≤ –0.85), severe drought (–2.05 < 
SPI ≤ –1.28), and extreme drought (SPI ≤ –2.06).26, 45 
The reason for such categorization of drought and not 
using direct correlation between positive and negative 
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values of SPI is to be able to distinguish the impact for 
each drought severity.
Statistical analyses
We conducted an analysis to estimate the relative 
risks of mortality associated with exposure to drought 
severity. This included all-cause and cause-specific (car-
diovascular, respiratory) monthly mortality and drought 
duration based on severity. We performed two distinct 
analyses: i) to define the relationship between mortality 
and the drought severity (based on the SPI category), 
and ii) to define the relationship between mortality and 
the 1-month preceding SPI, using a generalized linear 
model (GLM) based on a Poisson distribution. These 
analyses clarified the effects and aftereffects of drought. 
In the statistical analysis, the SPI value was the indepen-
dent variable and mortality was the dependent variable, 
while temperature and humidity were covariates. A P 
value < 0.05 was regarded as statistically significant. 
The validity of each model was evaluated by goodness 
of fit for high and low dispersion and omnibus test. All 
analyses were performed using IBM SPSS Statistics 25. 
Drought analyses performed using R software version 
3.3.6.
Ethics approval
This study did not require research ethics approval, as 
publicly available, anonymized aggregate data were 
used for all analyses.
RESULTS
Descriptive statistics of drought episodes in north-
ern Bangladesh
The short-term and long-term drought period from 
2007-2017 along with the % of drought severity showed 
in Fig. 2. The percentages of drought duration during 
periods of short-term drought (3-SPI) for the three 
regions were Rangpur, 58.3%; Dinajpur, 58.3%; and 
Nilphamari, 57.6%. In contrast, the percentages of 
long-term drought (12-SPI) were in Rangpur, 72.7%; 
Dinajpur, 83.3%; and Nilphamari, 82.6%. These per-
centages were all higher than for the 3-SPI and varied 
by region (Fig. 2). Regarding drought severity, the 
duration of mild drought events during the 3-SPI was 
nearly the same in the three regions (Rangpur, 40.15%; 
Dinajpur, 40.15%; Nilphamari, 41.67%). Regarding the 
12-SPI timescale, mild drought conditions occurred 
more often than for the 3-SPI timescale (Rangpur, 
54.55%; Dinajpur, 63.64%; Nilphamari, 68.18%). 
Moderate drought showed the opposite trend, as these 
conditions were more prevalent for the 3-SPI timescale 
than for the 12-SPI timescale (Rangpur: 3-SPI, 11.36%; 
12 SPI, 10.61%; Dinajpur: 3-SPI and 12 SPI, 12.12%; 
Nilphamari: 3-SPI, 12.12%, 12-SPI, 6.82%). There was a 
slightly higher percentage of severe drought conditions 
in the long-term drought period (Rangpur: 3-SPI, 5.30%, 
12-SPI, 7.58%; Dinajpur: 3-SPI, 6.06%, 12-SPI, 7.58%; 
Nilphamari: 3-SPI, 2.27%, 12-SPI, 7.58%). During the 
study period, the percentage of extreme drought condi-
tions was very low and only occurred for the 3-SPI 
timescale. Additionally, no extreme drought occurred in 
Dinajpur for any timescale. The percentage of extreme 
drought in both Rangpur and Nilphamari was 1.52% 
and occurred during short-term drought events.
The impact of drought on daily mortality in north-
ern Bangladesh
There were no large regional differences in number 
of deaths (Table 2). Tables 3–5 shows there was high 
variability within each area. Short-term droughts had a 
greater influence in each area. In Rangpur, mild drought 
was associated with low all-cause mortality and cardiac 
mortality, regardless of drought duration. However, 
short-term extreme drought (RR = 1.470, 95% CI 1.039 
to 2.079, P = 0.029) and severe drought (RR = 1.433, 
95% CI 1.169 to 1.755, P = 0.001) exacerbated natural 
cause mortality. For the 3-SPI 1-month preceding SPI 
(3-SPI lag 1), severe drought was significantly associ-
ated with natural cause mortality (RR = 1.548, 95% CI 
1.262 to 1.898, P = 0.000).
In Dinajpur, no extreme drought occurred during 
the study period, and no impact from severe drought 
was found for any timescale. Short-term moderate 
drought exacerbated mortality from respiratory diseases 
(RR = 1.527, 95% CI 1.015 to 2.297, P = 0.042). Both 
short-term and long-term mild drought exacerbated 
circulatory-related mortality (RR = 1.455, 95% CI 1.072 
to 1.976, P = 0.016 and RR = 1.647, 95% CI 1.061 to 2.558, 
P = 0.026, respectively). For 3-SPI 1-month preceding 
SPI, moderate drought was associated with low natural 
cause mortality (RR = 0.730, 95% CI 0.574 to 0.926, 
P = 0.010), while for 12-SPI 1-month preceding SPI, 
mild and moderate drought exacerbated circulatory-
related mortality (RR = 1.856, 95% CI 1.066 to 3.232, 
P = 0.014 and RR = 1.756, 95% CI 1.121to 2.751, 0.029, 
respectively).
In Nilphamari, only extreme drought had a strong 
impact on all three selected causes of mortality, with 
a significant impact on natural cause mortality (RR = 
1.632, 95% CI 1.030 to 2.585, P = 0.037).
We also found that during drought periods, the 
temperature was negatively associated with mortality 
in all regions and for all timescales, indicating that low 
temperatures are associated with mortality. No impact 
of humidity found in our study area.
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DISCUSSION
In this study, a greater impact on natural cause mortal-
ity was observed in Rangpur and Nilphamari, which 
experienced extreme droughts during the study period. 
Natural cause was associated with short-term drought 
in Rangpur and Nilphamari and Respiratory-related 
mortality was associated with short-term drought in 
Dinajpur. In both short-term and long-term droughts, 
there was a significant association between drought 
severity and circulatory-related mortality in Dinajpur. 
In Rangpur, mild and moderate drought were associated 
with low natural cause mortality. Other studies also 
suggested that extreme droughts likely to cause more 
harm6, 7, 10, 26, 46 which explains extreme drought impact 
on natural cause mortality and mild and moderate 
drought causing low natural cause mortality.
The other main finding of this study was that no 
extreme droughts occurred in Dinajpur, but there was 
long period of mild and moderate drought was associ-
ated with increased circulatory- and respiratory-related 
mortality. Extreme droughts effected the natural cause 
mortality, but in Dinajpur no extreme drought happened 
during the study period, so we could not find the impact 
on natural cause mortality. A previous study showed 
that drought conditions are associated with an increased 
risk of morbidity and mortality.14 The indirect effects 
Fig. 2. Drought variability in three areas of northern Bangladesh. *ND, no drought (SPI > 0), MD, mild drought (–0.85 < SPI ≤ 0), 
MoD, moderate drought (–1.27 < SPI ≤ –0.85), SD, severe drought (–2.05 < SPI ≤ –1.28), and ED, extreme drought (SPI ≤ –2.06). Total 
drought period from 2007–2017 are given in % for individual category.
298
I. Alam et al.
© 2021 Tottori University Medical Press
of drought events on respiratory and circulatory system 
health and mortality have also been described.6 Studies 
suggest that the impacts of drought are difficult to iden-
tify, as many of the effects are diffuse and indirect, and 
they can be cumulative over time.6, 7 We also investi-
gated the lag effect of drought in Rangpur and Dinajpur. 
The aftereffect of short-term drought impacted the 
natural cause mortality in Rangpur, and the aftereffect 
of long-term drought impacted circulatory-related mor-
tality in Dinajpur. No aftereffects were identified for the 
Nilphamari area for the investigated period.
Northern Bangladesh is vulnerable to the fre-
quency and intensity of droughts. Owing to human ac-
tivities such as barrage and dam construction, northern 
Bangladesh is experiencing a process of desertification. 
The decrease in summer water flow causes sediment 
to be deposited in the riverbed downstream of dams, 
leading to hydraulic congestion in the rainy season.47 
This causes decreased river f low and insufficient 
water supply, leading to changes in local water quality. 
The climate in northern Bangladesh has experienced 
increased drought.48 This reduction in local precipita-
tion has increased the region’s vulnerability to extreme 
drought events which can explain the regional differ-
ence in our study area. Because these factors cannot 
be altered, drought will intensify in the future, with 
exacerbated health effects.
Drought is an indirect predictor that combines and 
represents the impact of this climate event. Many stud-
ies have individually considered several environmental 
factors (e.g., heat waves, forest fires, and pollution) that 
have important implications for mortality, especially 
for vulnerable populations. High temperatures are 
related to more severe drought,49, 50 and both high 
Table 2. Total number of deaths for selected causes during the study period (2007–2017)
Total number of deaths during the study period (2007–2017)
Station Natural cause Circulatory-related Respiratory-related
Dinajpur 856 204 184
Rangpur 1,438 426 237
Nilphamari 663 160 146
Total 2,957 790 567
Table 3. Coefficient value and RR for SPI Category and Selected cause mortality in Dinajpur
3-SPI 3-SPI 1 Lag
Drought 
Category
All cause Cardio Respiratory All cause Cardio Respiratory
CV RR CV RR CV RR CV RR CV RR CV RR
ED – – – – – – – – – – – –
SD 0.16 1.18 –0.03 0.97 0.06 1.06 0.22 1.24 0.38 1.46 –0.22 0.80
MOD 0.06 1.06 0.18 1.20 0.42** 1.53 –0.32* 0.73 –0.24 0.79 –0.11 0.90
MD 0.05 1.05 0.38* 1.46 –0.27 0.76 –0.10 0.91 0.13 1.14 –0.27 0.76
Temp –0.04** 0.96 –0.03 0.97 –0.06** 0.94 –0.04** 0.96 –0.04* 0.96 –0.06** 0.95
Humidity 0.00 1.00 –0.02 0.98 0.01 1.01 0.00 1.00 –0.02 0.98 0.01 1.01
12-SPI 12-SPI 1 Lag
ED – – – – – – – – – – – –
SD –0.10 0.91 –0.23 0.79 –0.33 0.72 0.05 1.05 –0.22 0.80 –0.11 0.90
MOD –0.13 0.88 0.52 1.68 –0.60 0.55 –0.08 0.92 0.62* 1.86 –0.40 0.67
MD 0.04 1.04 0.50* 1.65 –0.08 0.93 0.08 1.08 0.56* 1.76 –0.12 0.89
Temp –0.04** 0.96 –0.04 0.97 –0.06** 0.95 –0.04** 0.96 –0.04* 0.97 –0.05** 0.95
Humidity 0.00 1.00 –0.02 0.98 0.01 1.01 0.00 1.00 –0.02 0.98 0.01 1.01
*P < 0.05, **P < 0.01, No drought used as reference. CV, coefficient value; Ed, extreme drought; MD, mild drought; MOD, moderate 
drought; RR, relative risk; SD, severe drought; Temp, temperature; 3-SPI, short-term drought; 3-SPI 1 Lag, 3-month preceding SPI; 12-
SPI, long-term drought; 12-SPI 1 Lag, 12-month preceding SPI.
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temperatures and drought conditions are related to dry 
soil, deforestation, the occurrence and severity of wild-
fires, dust storms, and conditions that lead to reduced 
air quality.51 All these drought-related events lead to an 
increase in dust, which carries pathogens and particu-
late matter, and increase the release of toxic aerosols 
Table 4. Coefficient value and RR for SPI Category and Selected cause mortality in Rangpur
3-SPI 3-SPI 1 Lag
Drought 
Category
All cause Cardio Respiratory All cause Cardio Respiratory
CV RR CV RR CV RR CV RR CV RR CV RR
ED 0.39* 1.47 0.12 1.13 0.12 0.90 0.16 1.17 0.24 1.27 0.16 1.17
SD 0.36** 1.43 0.17 1.18 0.17 0.84 0.44** 1.55 0.36 1.44 0.20 1.23
MOD –0.29** 0.75 –0.52* 0.60 –0.52 1.12 –0.07 0.93 –0.24 0.79 –0.30 0.74
MD –0.08 0.92 –0.39** 0.68 –0.39 1.14 0.05 1.05 –0.09 0.92 0.06 1.06
Temp –0.03** 0.97 –0.04* 0.97 –0.04 1.00 –0.03** 0.97 –0.04** 0.97 0.00 1.00
Humidity 0.00 1.00 0.00 1.00 0.00 1.00 0.00 1.00 –0.01 0.99 –0.01 0.99
12-SPI 12-SPI 1 Lag
ED – – – – – – – – – – – –
SD 0.12 1.13 0.18 1.20 0.23 1.25 0.04 1.04 0.17 1.19 0.30 1.35
MOD –0.22* 0.81 –0.73** 0.48 –0.02 0.98 –0.17 0.84 –0.54** 0.58 0.17 1.18
MD –0.21** 0.81 –0.31** 0.73 0.01 1.01 –0.18** 0.84 –0.36** 0.70 –0.07 0.93
Temp –0.03** 0.97 –0.03* 0.97 0.00 1.00 –0.03** 0.97 –0.03* 0.97 0.00 1.00
Humidity 0.00 1.00 0.00 1.00 0.00 1.00 0.00 1.00 0.00 1.00 –0.01 0.99
*P < 0.05, **P < 0.01, No drought used as reference. CV, coefficient value; Ed, extreme drought; MD, mild drought; MOD, moderate 
drought; RR, relative risk; SD, severe drought; Temp, temperature; 3-SPI, short-term drought; 3-SPI 1 Lag, 3-month preceding SPI; 12-
SPI, long-term drought; 12-SPI 1 Lag, 12-month preceding SPI.
Table 5. Coefficient value and RR for SPI Category and Selected cause mortality in Nilphamari
3-SPI 3-SPI 1 Lag
Drought 
Category
All cause Cardio Respiratory All cause Cardio Respiratory
CV RR CV RR CV RR CV RR CV RR CV RR
ED 0.49* 1.63 0.46 1.59 0.69 1.99 0.40 1.49 –0.06 0.94 0.69 1.99
SD –0.60 0.55 –0.02 0.98 –1.11 0.33 0.03 1.03 0.28 1.32 –0.97 0.38
MOD –0.08 0.93 0.10 1.11 –0.05 0.96 0.08 1.08 0.23 1.25 –0.08 0.92
MD –0.07 0.94 0.02 1.02 0.05 1.05 0.01 1.01 –0.20 0.82 0.18 1.19
Temp –0.04** 0.96 –0.02 0.98 –0.04 0.96 –0.05** 0.96 –0.03 0.97 –0.04 0.96
Humidity 0.01 1.01 0.02 1.02 –0.02 0.98 0.01 1.01 0.02 1.02 –0.01 0.99
12-SPI 12-SPI 1 Lag
ED – – – – – – – – – – – –
SD –0.23 0.79 –0.09 0.91 –0.16 0.85 –0.28 0.75 –0.05 0.95 –0.44 0.64
MOD –0.30 0.74 –0.35 0.70 –0.91 0.40 0.18 1.19 –0.20 0.82 0.51 1.67
MD –0.09 0.91 0.17 1.18 0.26 1.30 –0.08 0.92 0.25 1.29 0.23 1.26
Temp –0.05** 0.96 –0.01 0.99 –0.04 0.96 –0.05** 0.95 –0.02 0.98 –0.05** 0.95
Humidity 0.01 1.01 0.02 1.02 –0.01 0.99 0.01 1.01 0.02 1.03 –0.02 0.98
*P < 0.05, **P < 0.01, No drought used as reference. CV, coefficient value; Ed, extreme drought; MD, mild drought; MOD, moderate 
drought; RR, relative risk; SD, severe drought; Temp, temperature; 3-SPI, short-term drought; 3-SPI 1 Lag, 3-month preceding SPI; 12-
SPI, long-term drought; 12-SPI 1 Lag, 12-month preceding SPI.
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in the atmosphere, which may also have adverse health 
effects.4, 11 The longer dry period in Dinajpur might 
explain the level of respiratory-related mortality found 
in our study.
No significant impact of humidity was found in the 
study area; however, temperature did have a negative 
impact, suggesting that when the temperature is low, 
mortality is exacerbated. Relatedly, several studies in 
Bangladesh identified a marked increase in all-cause 
mortality and deaths due to cardiovascular, respira-
tory, and perinatal causes at low temperatures.52–54 
Studies suggests that winter excess mortality is not a 
consequence of seasonal low absolute temperatures 
but, rather, is a consequence of a seasonal fall in aver-
age temperature.53, 55 Data on cross-country thermal-
efficiency standards in housing indicated that those 
countries with poorest housing demonstrated the highest 
excess winter mortality and poorest housing was more 
common in countries with mildest winter climate.56
To reduce health risks, it is necessary to promote 
comprehensive and proactive measures based on pre-
vention, mitigation, and adaptation to drought, because 
of the multiple health effects associated with drought. It 
is especially important to develop comprehensive plans 
that include measures to minimize the effects described 
in this study. Surveillance systems and their associated 
action plans should be designed in consideration of the 
actual conditions of an area, such as the geographic 
location and the local public health characteristics of a 
population.
Drought conditions in nearby regions can also af-
fect a populations’ well-being. Many factors can inten-
sify the seriousness of drought and reinforce the risks 
identified with its frequency, such as the vulnerability 
of the population, their overall health status, sex, age, 
and socioeconomic characteristics, and accessibility to 
and utilization of water.7, 46, 57 In this study, however, we 
were unable to control for all these variables.
The daily mor tal ity impacts of prolonged 
drought might be related to mental health factors, 
particularly in rural populations. Although we could 
not measure stress levels in this study, several studies 
have documented an association between drought and 
psychological stress, psychological distress, generalized 
anxiety, and depression; in extreme cases, drought 
might be a contributing factor to suicide.6, 14, 23, 29, 52 
Several studies have linked stress to deterioration of 
the body’s regulatory systems. In particular, stress can 
be an important factor in respiratory tract infections 
and can promote cardiac pathogenic processes, such as 
myocardial ischemia and the activation of inflammatory 
and coagulation mechanisms.58, 59 Further studies are 
required to better understand whether stress is a casual 
effector in drought. While interpreting the results of this 
study, the following limitations should be taken into 
consideration. First, this study included only three dis-
tricts of northern Bangladesh, which limits the ability 
to generalize the conclusions over the entire population 
of northern Bangladesh. Second, we applied a meteoro-
logical definition of drought. The impact of other types 
of drought (e.g., hydrological and agricultural) should 
be considered in future studies. Third, the data collec-
tion was random, and the cause of death classification 
was rather general and did not follow the International 
Classification of Diseases standards. Fourth, there were 
few meteorological stations in our study area, and there 
could be some differences in drought conditions in the 
areas furthest away from the stations. Fifth, we were 
unable to examine some variables that might affect vul-
nerability to drought, such as individual socioeconomic 
status, previous health conditions, adaptive capacity of 
the population, mental health status, sex, and age. A 
Future study with a large cohort, including a specific 
population, age standardization, socioeconomic data 
may advance our understanding of the impact between 
drought and selected cause mortality.
In conclusion, this study identified that the highest 
percentage of drought period occurred in Dinajpur for 
both the short and long-term timescales. Short-term 
drought, particularly extreme drought, had the strongest 
impact on mortality in Rangpur and Nilphamari. 
Regardless of the investigated timescale, in general, 
the drought period and the aftereffects of drought had 
a significant impact on natural cause, circulatory-
related, and respiratory-related mortality. The effect of 
drought varied by region and mainly depended on the 
rainfall. This indicates that localities need to consider 
tailored approaches to understand the true impact of 
drought on human health, which would help authori-
ties implement mitigation methods more effectively. 
This investigation found considerable variation in the 
mortality and drought characteristics across the studied 
regions, as well as different effects of short- and long-
term droughts. Our findings will aid future analyses of 
different drought timescales for broader regions such as 
South Asia.
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